Investigation of the Sedimentation Behavior of Aluminum Phosphate: Influence of pH, Ionic Strength, and Model Antigens.
Evaluation of the physical characteristics of vaccines formulated in the presence of adjuvants, such as aluminum salts (Alum), is an important step in the development of vaccines. Depending on the formulation conditions and the associated electrostatic interactions of the adjuvant particles, the vaccine suspension may transition between flocculated and deflocculated states. The impact of practical formulation parameters, including pH, ionic strength, and the presence of model antigens, has been correlated to the sedimentation behavior of aluminum phosphate suspensions. A novel approach for the characterization of suspension properties of Alum has been developed to predict the flocculated state of the system using a sedimentation analysis-based tool (Turbiscan®). Two sedimentation parameters, the settling onset time (Sonset) and the sedimentation volume ratio (SVR) can be determined simultaneously in a single measurement. The results demonstrate the suspension characteristics to be significantly altered by solution conditions (pH and ionic strength) and the charge state of bound antigens. Formulation conditions that promote the flocculated state of the suspension are characterized by faster Sonset and higher SVR, and are generally easy to resuspend. The Turbiscan® method described herein is a useful tool for the characterization of aluminum-containing suspensions and may be adapted for screening and optimization of suspension-based vaccine formulations in general.